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Portland Cement

“An extremely finely ground product by calcinising together , at above 1500°C , an
intimate and properly proportioned mixture of argillaceous (clay) and calcareous
(lime) raw materials, without the addition of anything subsequent to calcination ,
excepting the retarder gypsum”

Clinker CCN Mass %
Tricalcium silicate (CaO); - SiO, | C;S 45-75%
Dicalcium silicate (CaO), - SiO, | C,S 7-32%
Tricalcium aluminate (CaO); - o

ALO, C;A 0-13%
Tetracalcium aluminoferrite C,AF 0-18%

(Ca0), - ALO; - Fe,0,

Gypsum CaSO, - 2 H,0 2-10%

Pile of Portland cement Caleium Oxide - CaO 2%

Magnesium Oxide - MgO 4%

Chemical Composition of Portland Cement

CEMENT ISA MANUFACTURED MATERIAL




Manufacturing Cement

1. Mixing and Crushing of raw materials
a) Dry process

a) Wet process
2. Burning
3. Grinding

4. Storage and Packing

THE CEMENT MANUFACTURING PROCESS

7

dumper

2. TRANSPORT

O
. storage at
G crushing the plant

3. CRUSHING & TRANSPORTATION

1. BLASTING : The raw materials that are used to manufacture cement (mainly limestone and clay) are blasted
from the quarry.

2. TRANSPORT : The raw materials are loaded into a dumper.
3. CRUSHING AND TRANSPORTATION : The raw materials, after crushing, are

transported to the plant by conveyor. The plant stores the materials before they are Next -
homogenized.
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MANUFACTURING PROCESS

storage at * Raw mill
the plant \%
conveyor ;%] FEEE] |
© 4 = goflagaag
< < coflagan
S fofe] KeRelel] A
ocllagaa
- O] kel [skelels]

; 1. RAW GRINDING
preheating

_
<] @@@E\.
Ely? kiln
R‘j cooling

? clinker.égi&

2. BURNING

1. RAW GRINDING : The raw materials are very finely ground in order to produce the raw mix.

2. BURNING : The raw mix is preheated before it goes into the kiln, which is heated by a flame that can
be as hot as 2000 °C. The raw mix burns at 1500 °C producing clinker which, when it leaves the kiln, is
rapidly cooled with air fans. So, the raw mix is burnt to produce clinker : the basic material needed to

ki t.
make cement Back [ B Next

Gypsum and the secondary additives are added
to the clinker.

. ]

clinker

storage Finish grinding

!
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1. GRINDING

' od o o3
dispatch
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2. STORAGE, PACKING, DISPATCH

1.GRINDING : The clinker and the gypsum are very finely ground giving a “pure cement”. Other secondary
additives and cementitious materials can also be added to make a blended cement.

2. STORAGE, PACKING, DISPATCH :The cement is stored in silos before being dispatched either in
bulk or in bags to its final destination.
Back [l [l Home page
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Burning Process : Zones of Rotary Klin

*  Upper part of the kiln

*  About 400 °C

¢ Most of the water in the slurry
gets evaporated

« Lower part of the kiln

* About 1250°C - 1500°C

* Reacts with clay to form various
bouge compounds

Clinker

e Calcination Zone :

CaCo,

* Clinkering Zone :

2Ca0 + SiO, Ca,Si0, ( Dicalcium silicate — C,S )
3Ca0 + SiO, Ca;Si0; ( Tricalcium silicate — C;S )
3Ca0 + Al 0O, Ca;Al, 04 ( Tricalcium aluminate — C;A )
4Ca0 + Al,O; + Fe,04 Ca, Al Fe, 0

(Tricalcium aluminoferrite — C,AF)

12




Grinding and Packaging

Grinding
* Cooled clinkers are ground to fine powder in
ball mills
At final stages of grounding about 2-3% of
powdered gypsum is added.

(This is to avoid setting of cement quickly when it comes in
contact with water)

* Gypsum acts as a retarding agent for early setting of the cement

3Ca0 + ALO, +x CaSO, . 7TH,0 3Ca0 . Al,O;. xCaSO, 7H,0

After initial set Gypsum Tricalcium sulphoaluminate (Insoluble)

Packaging

* Ground cement is stored in silos
* From silos they are automatically packaged into bag which are about 50 Kg

13
HOW ARE PORTLAND CEMENTS DIFFERENT?
FOUR MAIN COMPOUNDS
¢ Tricalcium Silicate (C3S) Dicalcium Silicate (C2S)
¢ Tricalcium Aluminate (C3A)  Tetracalcium Aluminoferrite (C4AF)
Clinker CCN Mass %
Tricalcium silicate (CaO), - SiO, cS 45-75%
Dicalcium silicate (Ca0), - SiO, C,S 020
Tricalcium aluminate (CaO); - Al,O4 C;A 0-13%
Tetracalcium aluminoferrite (Ca0O), * 4
ALD R0, i C,AF 0-18%
Gypsum CaSO, - 2 H,0 2-10%
Calcium Oxide - CaO 29
Magnesium Oxide - MgO 4%
14

12/26/2019



C,S
TRI CALCIUM SILICATE

*3Ca0.Sio, -“Alite”

* Provides Early strength development
*70% reacts by 28 days

* Usually present at 40-70%

*If >65% difficult to burn

15

CZS DICALCIUM SILICATE

*2Ca0SiO, -“Belite”

* Provides late strength development
* 30% reacts by 28 days

* Present at 20-40%

* Under-burning can result in higher C,S
contents in cement

16
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C3A TRICALCIUM ALUMINATE

* 3Ca0.Al,O; -“Aluminate”

* Provides heat generated in hydration (10°
to 15° F per 100 Ib. cement)

* High C;A not as resistant to sulfate attack

* Little contribution to strength

17

C,AF
TETRACALCIUM ALUMINOFERRITE

*4Ca0O.Al,O;.Fe,O; -“Ferrite”
* Governs the color of the cement
*Present at 1-10%

* lron facilitates formation of other
compounds-acts as a flux

e Little contribution to strength

18

12/26/2019



S gy Wby sliloaw glgil

Lo Jsens ailiy plors g5
“1-525” #1-425” “1-325" g4 aw 5 -
Syore Slas il -
IV 5T gs o smalilyone o)l -
IV 5T g5 oo Mg sl po bl -
4307 b odigd s 85 olewas (T g5
obj Atgl Cuoglie -
L 3 )1535)' ’\jj.o.u v
A0 o8 gl Ol b plas AV 55
(mass concrete) px sl o 5o Ygons -
B b g il 50 polie o (V g55
Syl o 0k (2bl -
995 Bpan B 5 lilses ol p2les Ll o -

19

G gy wli y ldloww glgll

Vo il g o ads o (TYPEID) Jsere b 5 g9 lowm ®
HLa 53y 530 4 6ol Slage gl 3 6 s lon m.\.JZtS )Ss (seyazy Jﬁ"}w 4&45L> 9 6‘9"-‘9 ~>)|5"°
e B oSl St astinal Ao g i) KA s “.") ol el O?L&w 235
st D S e e St
23,5 5l 5 il - —

-\S:,id“.,___asc«:w«.:\;’..:."QL.:..‘Q\‘,_h)wl:_‘!):

il As e

ABYS OFYL ALYl
S Sladigai 05y YA Zuaslie Sloe 5 (Sl el
1l
AIYD Jyame 2l Olae gy YA Caglie ila >

ol ¥Y,0Mpa L,_\'“mkg/cmz

AP0y ane d 5 s Olaww 0g) YA Saplie fla >
B

oI FY,0Mpa L fvokg/cm”

OB | Js e il s Sl e 595 YA Zplie Jilm

2l 6Y,6Mpa ::hbkg/cm2

20

12/26/2019

10



S gy Wil sl glgil

Y et 0l g ylon
cabpdy Doy Dla p g pl A b g0 o8 SNl
PO NG PREA PR P - o NS JTY 8807 BT
Sl grdy OLSl gl 3130 53 ey ST Dl jn I 2l
ol 8 Sl (A103) psnn JT 1S (g5l Cy A 7|
Sl alsS cgr i ol s gy o) S H0 LS

el ) S O e

s 5 0l Syl el Sl Cod b oS
e ol g el 53 (2 5) Dlacs O plis
plia gleslec ok o8 5 Ll o L DT sl 5303
sydicepyse ol e il n a8 55T e s s e il
(o e Ol s e 0yl ] ) S e 355 sl

Slasds u-" (TYPE ||) $° @J Oleis/®
L@www&uﬁ,a@&gw
slolps o kb b lny cul pglie 5
Spae 85 Hl8 by 0 S Jil>

IRON
CLAD

TYPE It

PORTLAND CEMENT
:

*03 JUIWI) UEISI|09 pueaiad

| oS sses glosw =S,8 |

21

G gy wli p ldloww glgll

¥ i wli g pslo 3

W g Ay Dl il Bl 55 0l PSS Ol
):J&HJ_,?«{EJ_,.LJ.:'l;_j;.;rm_QT.t:j}!.;”Li.-u
a1l s eV ey i gl ok Sa) e
sl 55 Olem b adip Sde 335 Do 57 05 e
S e LS L by om S 355 pagias s
‘_.—ILL‘JLA_—-"C)—;;)_:IJJ.;_J‘CJJL&ZAC_J—NC_AJGJ
n‘,_‘.._;;l_:,-;,,:_m,.z_..du_,?;,.z_;;umc_r.;..,u.
T sl S50 o 2 Ole gl E LD 5 o)
Lo gl yin 5L 5 b 8 21 5o o555 eabizud
3 e 3 ot Lah A7 0 Jole 5 € o Gls p3 345
sl g dms g ) j IS Cad | o AL e gy O

.}P&JTJJ&L@CEH)\?&:‘

!l (TYPE ) aw g6 oloww ©
sie, &5 63)lse sl e
M ) Soalfas i L il
Olowms 4y o pop Sgdiee oolainl
d Coaglio 9 Cawl pgge 5 1505
°39) V M"SL‘“’ J°L’“’ Lo 8 u‘ ©39)
°J~‘6‘5-“’)°y5*°-’-"5ul-°¢~4€9

22

12/26/2019

11



W gy Wl sleilonw glgl

Fodsbpolom & ol ol (TYPEIV) )LQ, £5 oo *

Cid 3C38 U5 03,5 o5 B b jOlers g 6 ol 2 ).5 ).,e u‘.ou.w 'Y u*’)-‘S oles Py
L P W P PR SN (W P [ w"-”“s“JL‘”bé‘)’L"WSW‘PW}"

L6 Y ')9""".?" ‘J;@A S ‘bl'l) 35) U"‘
Fa0 ol 7 O s sl ST e ealinal e gla (535 copé 5 B39 sldo

‘_gL.\;)lm__ujU}_.tu_an_w;;_.—h[._(L:J:J:JLﬁ:_.-

-3 g aslazal [( [ \_J}:,.«ul) da_)iibv

23

G gy wli y ldloww glgll

Bl i o o ol (TYPE V) 35 o
d...\&yam&lﬁf):)wdﬂ.‘od.gl.oym
Cid sy inph oo asle ool Gl g S 5 o0 & jglme g*"*ss.’.}érb“‘)“i;lf‘.d‘) (i)

. . e Sgdue Bras 3,800 515 Lildsu alex
Syl a5 Lol jlic il ol & 59l e 10 JSTIU > 4y ----9@55¢-$5ng@411~‘¢51~°
Sl Sl S Sl Olos 9 | 8 el

23 OT 51 018 gn el S goma iy Olo 0 5Bl potn

3 aS glale jyaslmal (adalyaS Olew [P

-

A

5 el g gl | @of}\

,—-|\..—A}L&A;—5~..-Gra-’5\..._u|_g)}ra¢_<.r 1;.14 Tcsc ,,'S,u'.»'il;’.'é;;

P e smsegiao
Y- AABFYAFT

Gaa YA 5248 ek st \_ﬂ_:J-JlJ_‘LJ\_‘L‘.:Mf-y

T o Caos ) Y o Olas 035 YA Caa gl V8 35 S
Ll

ggu.__ﬂ@;ﬁlo)',JFY\;J,LLhVU\;.:._TfﬁJ;UJ | —
- CEMENT

T
' cementonline.

50 KG
poaks O

S ge Blod 3T 0355 YA Cunglie gl

24

12/26/2019

12



039 sUsloww glgl

(Blended Portland cement) st il iy

Hl 03 )be Lglorws cnl (2 yots

White Type | or Il without Fe o il Hleaid i
Type IP Blended with a Pozzolan  ¥gje oilip oleww
Type IS Blended with a Slag &l ojbgy ailiyy Gloss
Masonry Cement e S
Oilwell Cement s ol pgase Hleww

25

0399 sledlow glgil

o il g3 sl

s By aT LS 5 5l Ol sl 085 7

s 7 s AT OS5 ) (6 Sl sl 5 RS S G T
B ele SLS 5 Wb OF 05 o 3l g W LoT 50
JJH@.(’F{‘).H‘S)JH“SJJJMD&IA’E
H 245 3 lad 3 ealiznd gl & Ol il

Type | or Il without Fe
sl FeO, ails Lol 1 seds

LA I8 5 A e a3 s T (g liie L Olerw ol 51 s o1 Sl G228 ol

A Dl 3 AT LS 5 (B b s sl (Sl e
S e (6,8 gl S gles Bl cazils |y 4 U1
YA gl B Sty sl o LS 5 ol O S g 5
S eaklie )yt 4y ol g5lasl 2 5 345 0 YL a5
ealitel (pin T g oy ) S 1 57 Gl 5 0
e Sl a5 ol A5 0 e L 28T 00

e 0k pame L5 s Olanns 41 T OT Ziad 31530

26

12/26/2019

13



i 8l o 03_?’9 ‘5LQ:)LOM 8‘3."

3 g 03,5 plazal bl J¥s 4 ol o3 2
b S patl o a3l e 2s (K o el s ol g",) ,*]',')_, CJM

i = oy Sl A9 590 8 QS"LE""'«"“ )Sl ! LS"'\M gii;) ')‘5'4 U’>9)3‘ )‘
Wl oo s aan b Jgere aili e 4

O x| e | e
AT LEin fn ge 5 esi 5l e [ gt LS e SR At SHOUB
AT Bt Sl bl S Sl oy [T RN LR e ol Rt 5 Ll e
5 609 Lygo a4 Ol (pl jo a8, 15 4 )
10 51 oS (B39 Camns 5 el ool allogy,
o odlainl low g5 pl cole j0 S5 ws e

5y 33 IS Ny |y S 5y g 0y Dlesin B ST 0

355 g 0 Sl b Olems Lol s

c_i-l:au;..__.p,bpq_itfjb;);l,‘slfubq

Dl

Dl le o5 sl .
o O gl e slg 2 Tg )3 a2l s e 5 sl pg,S ons] m
S TS G’Tg.f;)d'fu.]u u

CoT At s T ) fole o) e il Sl Y

5l ogd 5o ¥ o S5y wles (gl ST (ol m

S e Rl R
=)

ey iy sa e Sl (gl game i 5y Olawes )
) c P .. oqp8 S S5y ol gl wST g0 3K m
i Dl 31 505 (6l 655, (515 g ol 5 (sl 0543 030 3 #E 9 i T e <

255 e aslin) 055 5!

27

0329 SWilopw glgl
Type IP Blended with a Pozzolan Y9391 ali p yloww ~2
sl Boe (slgi¥go b sl wiliy lons
fad bl

(29) Jooro Ygj0 ailiy Glows @
(92) o529 SYoj9 ailipy o 0

3433 9 3432 k}‘)-.'.‘ (51"’ (_ngo)\..\jl:;.w‘

SOOIV AR S s B R A I TG O IR
S92 A oS DlGhew DlaS 5 g Wsdi oo S S o0 b Cugh, LS 50 0 s
Byl (St Cuols a5 Wil o

BLak Hlarsiarly (N slse | (padedia 0ad  Najer wilipylolar a0
Ll Camols G hagn 5l (S0 S oo (b | > o5 Jol> Glorw b g 085 (oo
NI L L A S

28

12/26/2019

14



019 lsloww glgi!

Soxo (Y959 Wiy Gylasw(1-2
Oloms (339 200 1B 65 0 :¥g501 ol5e
99 o0 U A i g DO ol mgae Bjlas sl
iFyore (Ngjey wiliy Slecws glsil 5]
295 2 N5 4 Jyena 5la)5 (sl 45 w0ad ol (V55 il Glerw <I(PM) g5 Gl

0529 (Y939 9y loww (2-2
Olowms (339 20,0 40 6 15 2950 ol5ae
> sl o clo gl
ot slo o2 lod coi Glo 0 Cole gy
N o5 TG s B) gl ibglin
0519 Yo)m wiliy Glesw gl
Aol ladial AP S
2l 5l by Al caagliie 4 a5 o (sl =P g9 los

29

" gte 3l g ki 3 o 03%9 ‘SWLO'W &‘93|

4Nt e T gl i) S YL 5 S sl
s 8 sl s et we i 2Y 3 St Siluilis Ol e ¢5| °)L3)"‘° cs’yﬁ)ﬁ" ""’J"J" QLM*’ -3
S ol ook M w SaTe St Type IS Blended with a Slag

g o e ST S i e Srae g g uSinl 8,58 8y iy plowns S8

WO 53 5l s 8 00T yo glati L (j5al &) 50 é/ =t WL&

5 e DT ol slata p ks o j1s 35 )8 Ola Cunis s ,
' leslalgws 2l 50 3b5 (s5lbe

3Ly ol plsd 5 08 ol b osds Lo (2 (s dydsis

L]

S Bl sl 035 T el 345 e eslind

L b el Ol 3 0l e o T

Bl 550 53 2 b i Sl 2y T G L ; Hal
o N Fyore wlipy plowss 51 555 00
Olom i3858 Vs by edips boglins o Loyl ) g ¥ 1 A
A Al il s 1 jn b 4
w

| =

@3Sl 8,55 8,5 + Jsore ailiyy logs IS

30

12/26/2019

15



ooy | et | gy
ACBUFY | o Slesl b5
W GTe 8 S e A (sl e s
AR - slosly

Ot B o jles 31l bl s (sl sl o Ol 15

039 sledloww glgil

&l osbw (Y 9jg Wl yloww -3

Type IS Blended with a Slag

el plad ST s

T e 48 3505 3 0 5 oS 5 L3Sl stoe T (il
sl sl i o 5 o sline e abites (shoe oS 00l 52
YOIV ojlact 5 lild O 51 53wl sl 0365 3 s
gl 4 Zald oS glojl i slgile Dlasta
{75 PUSEg R H W ] [ DR E | W PSR s Tt ety
e 4y e LT 0 sa 0l slie  lel e
5 ot 5 g Sl Laglind e o Ol g e
e o Ol s o Gl LA s e o 53 00 Al Ole
Y pane 0510k s ki 5 Slmr A5 55 43l SVps 4 455 L
Ol A g7 G5 518 6K T opd glaails 4187 Susji gs
AT 53 (Ko7 3 el Dla 5l 32 rstalie 3

- olgie!

31

"l il o

5307 Glesliul o "M g (Olew 3jlae 51 S
Wb ol wl 5550 SN Hy Bte Sl g LS T
Bl b3 Olo ga

23 =T egsle Sl 5o, 5.8 B 5 T LY
e b Sasl 5 S o oo 1y S DT (e o sloe
Sl S ST oy pe e 4 (e e Ml o )
P K LCIPP PP g LIRS, | PSR, SN L PR
.b}igtéu‘n.:.:-u LBJ)_—:J:-?l'_r

..A.:LH.!;;S;L:;-L:;;T);"_;D,;-.S;_\‘

40 gy loww S i

059 GUilow glol

| @b ploww 4
Masonry Cement
Sy Glos 5| (xS 5 Ypane -
WSS, (A 5 Sal 5 Jyasre
ol e e o datd o] Byas -
2516 ;) ) o o fasbinl )leis -

C
3]
=

32

12/26/2019

16



5418 (ykou O:' ‘ 0‘ ‘ o‘
Gl )3 il il (slaale 33 pamie Ol ol 3 )18 ﬁos 6 . & 9

[Ruwppp IS SO :,bq@lf&T&.;«f\r'ﬁLgh
033 P 0als 51 A b easl s B i 65 s i i °L‘> "‘*b)" UL°*"‘ -5
Ol S e i Sl e LT e Offlwell Cement
725 Sl pa od 28 a5 L 5 gl o) (o B e
sl
U aib (Cela ¥ o 53) GV b 0T adgl 3,8 Ol
s ey sl Slasl 4 0T 0387 Coay sl (ST 2o 0
AL als
Ul s e b Blast 53 Loy 53 a8 LT 510
AL pglae Dol plp 3 bl p S 200" 550
il Olo Conglin (Wl b S 0T s eV 0 Y
el 8l e B bl 1B e ey 2SS e
s 48l i slal Ol b (6l Olas e 318N
TS bl 5 m g ol Jsmma il Ol 1 5 il &
;)_1‘H&h}b@)ﬂ)}.};!)ﬁ;‘éﬁ,)’bé‘ﬂ
S 13 3313 pmass Sl gy i U o ool Ol
dalt W b Surslie U5 D S e Ll 2 e

assls

33

039 sledloww glgil

Wil . o glgil polw
(erz Gl L) ©sdg e plocw 0
SSL plp 50 polie Gloww 2
dIHA TTA JA glsil ;o) lon sole b oili o 3
by s 5o (ylown
Sl g 5y (1
(B9 ol 0
oWgd bawso (3
(HIC) (High Iron Cement) ;al, sloww @
(VHE) il (Lt 8l uglia b gl 6
(Very High Early Strength Cement)

34

12/26/2019

17



C
aC

35

12/26/2019

18



